؉ T cells, including naive T cells. Non-SI HIV-1 infected and depleted only the CCR5-expressing T-cell subset. This may explain the accelerated CD4 cell loss after SI conversion in vivo.
Infection with human immunodeficiency virus type 1 (HIV-1) is generally established by preferentially macrophage-tropic, slowly replicating, non-syncytium-inducing (NSI) variants (27, 32) that use ␤-chemokine receptor 5 (CCR5) as a coreceptor (1, 11, 13) . In 50% of cases, disease progression is associated with the emergence of SI variants which at least use ␣ chemokine receptor 4 (CXCR4) (8, 12, 15) . SI conversion precedes a more rapid CD4 cell decline and an accelerated progression to AIDS (9, 20) , for which the mechanism is not completely understood. Naive CD4 ϩ T cells express CXCR4 but not CCR5 (5), which makes them targets for SI-HIV-1 infection in vivo (4, 23, 31) . Infection and death of these naive CD4 T cells may directly interfere with T-cell renewal (4) . In addition, SI HIV-1 variants are generally considered to be more cytopathic than NSI HIV-1 variants (16, 17, 24, 28) , although high cytopathicity of NSI HIV-1 variants has also been reported (14, 22, 33) .
In this study, we analyzed the in vitro cytopathic effects of closely related NSI and SI HIV-1 variants with different coreceptor usage on different T-cell subsets in peripheral blood mononuclear cells (PBMC) in vitro.
Pooled PBMC from 10 healthy blood donors, selected for a CCR5 wild-type genotype, were isolated from buffy-coat cells using Ficoll density centrifugation. For phytohemagglutinin (PHA) stimulation, cells were grown in medium (Iscove's modified Dulbecco's medium [IMDM] supplemented with 10% fetal calf serum, penicillin [100 U/ml], and streptomycin [100 g/ml]) with PHA (1 g/ml) for 2 days.
PHA-stimulated PBMC (PHA-peripheral blood lymphocytes) were then depleted for CD8 ϩ cells using a magnetic cell sorting (MACS) system (Miltenyi Biotec, Bergisch Gladbach, Germany) according to the manufacturer's instructions. The cell fraction depleted for CD8 ϩ cells was collected and resuspended to a concentration of 10 6 cells/ml in IMDM supplemented with recombinant human interleukin-2 (rIL2) (Proleukin; Chiron Benelux BV, Amsterdam, The Netherlands) (20 U/ml) and Polybrene (5 g/ml). Subsequently, inoculation was performed with 1,000 50% tissue culture infective doses (the multiplicity of infection ranged from 0.006 to 0.0013) of primary biological HIV-1 clones of ACH 208, from a participant in the Amsterdam Cohort Studies. These HIV-1 biological clones were previously obtained by coculture of limiting dilutions of PBMC from patients and PHA-stimulated PBMC from healthy donors (21, 27) . PBMC from ACH 208 were obtained 20 months after the diagnosis of AIDS, which was 74 months postseroconversion. We used one NSI variant (208‫4ء‬ac12), one CXCR4-restricted SI variant (208‫4ء‬c8), and one CCR5-and/or CXCR4-using SI variant (208‫4ء‬ac10). Virus stocks were grown on PHA-stimulated PBMC. For mock infections, we used the supernatants of uninfected PBMC cultures.
Changes in the distribution of T-cell subsets present in PHA-stimulated PBMC that had been inoculated in vitro with NSI or SI HIV-1 were studied on a FACSCalibur (Becton Dickinson, San Jose, Calif.) after staining for CD4 (peridinin chlorophyll protein [ 
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Ϫ subsets) were seen from day 4 after inoculation onward as minor populations (approximately 1 to 3 and 1 to 10% of gated CD4 lymphocytes, respectively) (data not shown).
Infection with SI HIV-1 induced a depletion of the total CD4 T-cell subset, which was complete at day 9 after inoculation. In the NSI-HIV-1-infected cultures, CD4 cell depletion was more moderate, with 50% depletion of total CD4 T cells compared to the number still present in the uninfected control at day 9 (Fig. 1a) .
Both the SI-and the NSI-HIV-1-infected cultures showed reductions in their numbers of CD4 ϩ CXCR4 ϩ CCR5 ϩ and CD4 ϩ CXCR4 Ϫ CCR5 ϩ cells compared to the numbers in the uninfected control, which were first seen at day 5 after inoculation (Fig. 1a) . In the SI-HIV-1-infected culture, the depletion of both the CD4 ϩ CXCR4 Ϫ CCR5 Ϫ and the CD4 ϩ CXCR4 ϩ CCR5 Ϫ subset was also evident at day 5 after inoculation, although to a much lesser extent. In the NSI-HIV-1-infected culture, an almost complete depletion of the CCR5 ϩ cells had occurred by day 7 whereas the CXCR4 ϩ subset remained relatively unaffected compared to that of the uninfected control. Identical observations were made with PBMC that had been stimulated with immobilized CD3 and CD28 monoclonal antibodies (MAbs) (data not shown). In parallel cultures, the kinetics of virus production was monitored in the supernatants using an in-house p24 antigen capture enzyme-linked immunosorbent assay (29) . Virus production was first detected at day 4 after inoculation. The kinetics and the maximum levels of virus production were the same in NSI-and SI-HIV-1-infected cultures (Fig. 1b) .
Next, we wanted to analyze whether, within the T-cell population expressing CCR5 and/or CXCR4, different CD4 ϩ Tcell subsets were depleted with different kinetics. For this purpose, the cells were stained with MAbs directed against CD4, CCR5, CXCR4, CD45RO (allophycocyanin [APC]; Becton Dickinson), CD27 (biotin; CLB, Amsterdam, The Netherlands), and streptavidin (PE; Molecular Probes, Eugene, Oreg.) at different time points after inoculation with NSI or SI HIV-1.
Based on the expression of CD45RO and CD27 on CD4 subsets, we distinguished a CD27
, and a naive T-cell subset (CD4 ϩ CD27 ϩ CD45RO Ϫ ) (2, 10). Upon infection with the SI HIV-1 variant, we observed a rapid depletion of the CD27 Ϫ memory subset, which was complete at day 7 after inoculation. Depletion of the CD27 ϩ memory subset occurred with slower kinetics and was complete at day 9 after inoculation. The naive subset remained intact until day 5 after inoculation but was also completely depleted at day 9 (data not shown).
Inoculation with the NSI HIV-1 variants resulted in a 50% depletion of the CD4 cell population. The CD27 ϩ memory and CD27
Ϫ memory T-cell subsets were most affected, a result in agreement with the high proportion of CCR5 ϩ T cells in the memory T-cell subsets. The CD4 ϩ CCR5 ϩ T lymphocytes were almost completely depleted at day 7. This depletion included both the CD27 Ϫ CCR5 ϩ memory and the CD27 ϩ CCR5 ϩ memory T-cell subsets. CCR5 expression on naive CD4 T cells was very low (data not shown).
To establish whether the subsets that were depleted upon inoculation of the cell culture with HIV were indeed productively infected, we stained for the presence of intracellular p24 Gag antigen (FITC, KC57; Coulter, Miami, Fla.). We then also included the CXCR4-restricted SI HIV-1 variant 208‫4ء‬c8 from the same patient.
Cells were first stained for membrane markers, fixed with paraformaldehyde, permeabilized with a permeabilizing solution (Becton Dickinson), and then stained for intracellular p24 Gag antigen at days 2, 5, 7, and 9 after inoculation. To distinguish between input virus and newly produced p24 antigen, we incubated control cultures with zidovudine (AZT) to prevent productive infection. At all time points, supernatants of AZTtreated cell cultures remained negative for p24 Gag as measured by enzyme-linked immunosorbent assay (data not shown). In agreement with these results, less than 1% of the AZT- treated CD4 lymphocytes stained positive for intracellular p24 (data not shown).
The cultures infected with the R5 NSI HIV-1 variant showed intracellular staining for p24 Gag antigen in the memory CD4 ϩ T-cell subsets. After infection with the X4 and R5/X4 SI HIV-1 variants, the presence of p24 Gag antigen in the CD27 Ϫ memory and in the CD27 ϩ CD45RO Ϫ naive CD4 T-cell subsets could be demonstrated by intracellular staining and fluorescence-activated cell sorter (FACS) analysis (Fig. 2) . These findings are in good correspondence with the expression of CXCR4 on almost all CD4 cells and the expression of CCR5 mainly on the memory CD4 T cells. The SI-HIV-1 infection of CXCR4-expressing naive T cells is in agreement with the fact that SI HIV-1, but not NSI HIV-1, can be isolated from naive T cells from SI-HIV-1-infected individuals, as was reported recently (4, 31) . Furthermore, irrespective the virus used for inoculation, the CD27 Ϫ memory T cells contained the highest percentage of productively infected cells at days 2 and 5 after infection. This T-cell subset was the subset depleted most rapidly.
The presence of intracellular p24 Gag antigen in the socalled naive T cells may point to productive HIV-1 infection. As a certain cellular activation state is required to support HIV-1 infection (6, 7, 34, 35) , it has long been questioned whether naive cells can be infected with HIV-1 while keeping their naive phenotype. We therefore wanted to determine whether, in our culture system, the naive CD4 T-cell subset (CD4 ϩ CD27 ϩ CD45RO Ϫ ) proliferated upon PHA stimulation, without losing the naive phenotype. For this purpose, cells were PHA-stimulated for 2 days, CD8 depleted, and incubated in medium containing rIL-2, Polybrene, and bromodeoxyuridine (BrdU, 20 M; Sigma), a uridine analog that incorporates into DNA in place of thymidine. After 24 h, unadsorbed BrdU was washed away and cells were cultured in medium for another 2 days. Cells were then stained for membrane markers against CD4, CD27, and CD45RO; fixed and permeabilized with 2% paraformaldehyde and 1% Tween 20; and treated with DNase In the CD27 ϩ memory cell population, 38% of the cells had incorporated BrdU (Fig. 3a) .
The division histories of CD4 ϩ CD27 ϩ CD45RO ϩ (memory) and CD4 ϩ CD27 ϩ CD45RO Ϫ (naive) T-cell populations were also analyzed using the intracytoplasmic fluorescent dye 5-(and 6-)carboxyfluorescein diacetate succinimidyl ester (CFSE; Molecular Probes). CFSE is equally distributed over daughter cells upon cell division and is discretely diluted in subsequent cell division rounds. We first positively selected for CD4 and CD45RA from PBMC with a MACS multisort kit and labeled the cells with CFSE for 10 min at 37°C (final concentration, 6 M) before stimulating these with PHA. Cells were subsequently stained with MAbs against CD4, CD27, and CD45RO. We could indeed observe a dilution of CFSE over daughter cell populations in both the memory and the naive T-cell subsets in PHA-stimulated cultures (Fig. 3b) . At day 3, about 42% of the naive subset had undergone cell division, which increased to 81% at day 5. In the CD27 ϩ memory subset, the percentages of cells that had divided were 52% at day 3 and 95% at day 5. A cytokine-induced proliferation of naive cells without conversion to a memory cell phenotype has also been described by Unutmaz et al. (30) . Moreover, a relatively high expression of Ki67 in naive T cells during the late stage of HIV-1 infection has been observed (19, 25) .
We here show that target cells for HIV-1 are defined by the expression of the appropriate coreceptors, which has also been observed in the SCID-hu Thy/Liv mouse model. In that model, infection with SI HIV-1 resulted in strong depletion of thymocytes that expressed CXCR4 whereas infection with NSI HIV-1 had no or little effect, a finding which agrees with the very low number of CCR5-expressing cells in the thymus (3) . Moreover, coreceptor expression-dependent cell killing has also been described for HIV-2 and SIV (26) . Our findings are also in agreement with the observations by Grivel and Margolis (18) , who observed in lymphoid tissue cultures in vitro depletion of CCR5-expressing cells upon NSI infection and depletion of all CD4 ϩ T cells upon SI infection, irrespective of cellular coreceptor expression. One of their explanations for the SI-HIV-1-mediated depletion of CXCR4-negative cells was that SI HIV-1 could perhaps utilize CXCR4 at very low expression levels, even below the limit of detection of FACS analysis.
Indeed, as we performed intracellular staining for p24 Gag antigen, we were able to demonstrate that cells productively infected with HIV were more readily depleted than nonproductively infected cells. Since inoculation with SI HIV-1 resulted in a productive infection and also in the depletion of CXCR4-negative subsets, it may very well be that a low expression of CXCR4 is sufficient to support HIV-1 infection. Alternatively, the cells may have had detectable CXCR4 expression at the moment of inoculation, which was subsequently down regulated. In addition, aspecific cell depletion may have occurred as a consequence of an increased amount of toxic factors and cell debris due to SI-HIV-1-mediated cell depletion.
In addition, we have shown that NSI and SI HIV-1 are equally cytopathic for their respective target cells and, finally, that naive T cells can proliferate and that these cells are indeed susceptible to SI-HIV-1 infection. Our data suggest that, although differential cytopathicity of NSI and SI HIV-1 may be excluded as an explanation for the accelerated CD4 cell decline after the emergence of SI HIV-1 variants, the underlying mechanism may still be multifactorial. Indeed, SI-HIV-1 infection of naive T cells may directly interfere with T-cell renewal. In addition, the much broader expression of CXCR4, also within the memory T-cell pool, provides a much larger SI-HIV-1 target cell population. Consequently, despite the equal levels of cytopathicity of NSI and SI HIV-1, the impact of SI-HIV-1 infection on the depletion of CD4 cells is much larger.
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